The hemodynamics of coarctation of the aorta have been extensively investigated. These studies have shown that the renal blood flow is within normal limits (1) , as in flow to the extremities (2-4), even though the circulation time to the lower parts of the body has a tendency to be prolonged (5) . Although coronary blood flow has been reported to be increased (6) , the data are quite scattered, and if the two youngest subjects (12 and 15 years old) were excluded, the results would be within normal limits. Left ventricular oxygen consumption was increased in all subjects in the series regardless of age or rate of coronary flow (6) . Cardiac output is reported as increased (7) or normal (6) by both the Fick principle and the acetylene method (5) . No sizable series has been reported in which cerebral blood flow has been measured, although in two subjects it was reported to be increased (8) . Since the cerebral circulation is in the portion of the body where the mean arterial blood pressure is elevated, it appeared worthwhile to study a larger group of subjects to see whether the cerebral vascular resistance adapted itself to this increase in pressure or whether the reported increase in cerebral blood flow (8) was consistent in a larger group. Furthermore, information concerning the relation of the rate of blood perfusion to oxygen consumption is needed for the brain, since it is reported that under certain conditions when coronary blood flow is increased through mechanical means in the isolated or partially isolated preparation, the myocardial oxygen consumption is also increased (9) (10) (11) (12) (13) . Hence under certain conditions that are apparently unrelated to hypoxia, coronary blood flow may control myocardial oxygen consumption (9) (10) (11) .
Methods
Cerebral blood flow was determined by the nitrous oxide saturation method (14) in 20 subjects with coarctation of the aorta. The possibility was considered that there might be a significant delay in the passage of blood through the collateral channels about the coarcted segment of the aorta to the femoral artery (5) , and, as a result, the femoral arterial nitrous oxide curve might be shifted to the right. If this were true, the femoral arterial versus internal jugular nitrous oxide curves as compared to the brachial arterial versus internal jugular curves would reveal factitial narrowing of the arteriovenous nitrous oxide difference and result in a calculated increase in the cerebral blood flow, as estimated from the femoral artery site. Therefore 11 subjects with coarctation of the aorta were studied by simultaneous measurement of the cerebral blood flow with both the femoral and brachial arterial blood samples. The technique was a very simple modification of the usual method for determining cerebral blood flow in that needles were placed in both the femoral and the brachial arteries as well as in the internal jugular bulb. Specimens were then drawn simultaneously from all three sites. Nitrous oxide analyses were performed, and two sets of curves were drawn. The cerebral blood flow was calculated in the usual manner by utilizing both the femoral arterial-internal jugular venous nitrous oxide difference as well as the brachial arterial-internal jugular nitrous oxide difference. In two subjects similar simultaneous brachial, femoral, and internal jugular sampling was performed postoperatively.
In 16 subj ects cerebral blood flow and cerebral oxygen and carbon dioxide metabolism were determined before and after surgical correction of the coarctation of the aorta. Postoperative studies were done in all cases after the patient had recovered sufficiently from the surgical procedure to be comfortable during the measurement of cerebral blood flow. The time interval between studies varied between 15 days and 9.25 years, and for the overall series averaged 21 months.
The data were analyzed by the t test, comparing first the simultaneous determination of cerebral flow as meassured utilizing the femoral arterial versus the internal jugular nitrous oxide curves with that as determined by utilizing the brachial arterial versus internal jugular ni-1922 trous oxide curve. The preoperative and postoperative data for each subject were also compared, each subject serving as his own control. Finally, the entire group of 20 subjects was compared with a series of subjects with arterial hypertension (15) and a group of normal subjects studied previously in this laboratory (16) and with the group of normals reported by Kety and Schmidt (14) .
Results
In all 17 subjects in whom the femoral arterial mean pressure could be compared with brachial arterial mean pressure a significant difference was demonstrated from above to below the coarctation. These data are presented, as has been done in the past (17) (18) (19) , to give information as to the severity of the coarctation.
Further results are presented in the tables. Table I reveals a comparison of cerebral blood flow as measured from the nitrous oxide curves obtained by sampling simultaneously from the brachial artery, femoral artery, and internal jugular bulb. Since there was no significant difference between the values obtained, we concluded that for the rest of the study these data could be used interchangeably. The data for the entire group of 20 were pooled in Table II with the previous series of normals studied in this laboratory (15) , the brachial arterial blood pressure in subjects with coarctation was elevated (p < 0.01), as was cerebral oxygen consumption (+ 17.5%, p < 0.05). The cerebral vascular resistance in our group of normal subjects was sufficiently higher than in the preceding group (14) , and it did not differ from those with coarctation of the aorta. Since coarctation of the aorta is commonly recognized as a cause of hypertension, comparisons were also made between a group of hypertensive subjects studied in this laboratory (15) and the present group with coarctation of the aorta. There were no significant differences in the cerebral blood flow or cerebral oxygen consumption. The mean arterial blood pressure and cerebral vascular resistance in the coarctation group were significantly less than those observed in the subjects with severe hypertension (15) .
Discussion
The general hemodynamic parameters of coarctation are sufficiently well known that they do not require further discussion. The preoperative and postoperative differences between the femoral and the brachial pressure have been reported in detail previously (18, 19) and are included in this paper only as an indication of the severity of the lesion and as evidence that surgical correction of the coarctation was adequate. This appears to be the case even though a significant residual difference (4 mm Hg) was noted between the upper and the lower extremities in the postoperative measurements. It is unusual to demonstrate a difference of 4 mm Hg between the simultaneous directly recorded brachial and femoral mean arterial pressures in the absence of some mechanical cause. Since the surgical technique for correction of coarctation of the aorta at this institution included a "Z plasty" construction of the suture line, the aorta at the site of the coarctation is usually reconstructed to the same size as the aorta above the former site of coarctation. Thus it appears unlikely that significant residual constriction of the lumen remains. A similar gradient has previously been reported to persist after surgical correction of coarctation of the aorta (18) . The pressure differences may be related to residual dilatation and altered elasticity of the brachio-cephalic vessels proximal to and around the coarctation site. The sustained post- (1) has been found to be within normal limits in subjects with coarctation of the aorta confirms the present observation that blood is delivered rapidly and effectively to the body below the site of the constriction.
The cerebral blood flow in subjects with coarctation of the aorta was previously reported to be higher than in normal subjects (8) . It would be expected that with a group of 20 subjects, a biologically significant increase in cerebral blood flow should be apparent in statistical testing, but this was not established in the present study. Furthermore, statistical testing indicated no significant difference in cerebral blood flow before and after surgical correction.
Cerebral oxygen consumption in the group of subjects with coarctation of the aorta is increased per unit weight of brain tissue as compared to both previous series of normal subjects (14, 16) but is not significantly different from that in the previous series of subjects with arterial hypertension (15) . The significance of this observation is not known. It is known, however, that cerebral oxygen consumption is not changed by inhalation of oxygen at 1.0 to 3.5 atmospheres (20) or by altering cerebral blood flow through administering 5 to 7% carbon dioxide, 10% oxygen, or 85 to 100% oxygen (21) . There is a possibility that there is abnormal distribution of cranial blood flow in these subjects and that the increased oxygen consumption reported here is attributable to some tissue other than the brain. We have no evidence on this point. Available data indicate that if the rate of perfusion of blood through the coronary circuit is increased artificially, the myocardial oxygen consumption may be increased (9) (10) (11) (12) (13) . The mechanism of this increase in myocardial oxygen consumption dependent upon increased blood flow is not known, and the relation, if any, to the present discussion is not clear. Summary 1) Cerebral blood flow has been measured by the nitrous oxide method in a group of 20 subjects with coarctation of the aorta, and their cerebral oxygen consumption has been calculated.
2) In 11 of these subjects cerebral blood flow was determined by utilizing simultaneous sampling of blood from the brachial and femoral arteries as well as the internal jugular bulb. Calculations of cerebral blood flow from the two sets of curves showed no significant difference.
3) In subjects with coarctation of the aorta the calculated cerebral oxygen consumption was increased, but their cerebral blood flow was not significantly different from normal. 4) In 16 subjects, preoperative and postoperative determinations of cerebral hemodynamics were made. These revealed that the pressure differential from the brachial to the femoral artery was largely corrected but that cerebral blood flow and vascular resistance did not change significantly.
